[12] Application and Public Explanation for Patent for Invention 



[19] Global Intellectual Property Rights Organization 
International Office 

(43) International Date of Issue: March 1, 2001 




(10) International Issue No. 
WO 01/14057 Al 



(51) International Classification No.: B0IJ23/881, 23/834 

(21) International Application No.: PCT/CNOO/00167 

(22) International Application Date: June 2 1 , 2000 (2 1 .06.2000) 

(25) Application Language: Chinese 

(26) Publication Language: Chinese 

(30) Priorities: 

991 13987.9 August 19, 1999 CN 

991 13988.7 August 19, 1999 CN 

991 13989.5 August 19, 1999 CN 

99119953.7 November 3, 1999 CN 

(71) Applicants (all assigning countries): China Petro-Chemical 
Corporation, Beijing, 1 00029 CN 

(72) Inventors: 

(75) Inventors/Applicants (country with rights): Wu Lianglun 
[CN/CN]; Wang Guojun [CN/CN]; Chen Xin [CN/CN]; 1658 
Pudong North Road, Pudong, Shanghai, China 201208 (CN) 



(74) Agent: Longtian International Patent & Trademark Agent, 
Ltd., 20 Zhichun Road, International Enterprise Cooperative 
Commerce Building, Ste. 504-51 1, Huidian District, Beijing, 
China 100088 (CN). 

(81) Designees (Country(ies)): AE, AG, AL, AM, AT, AU, AZ, 
BA, BB, BG, BR, BY, BZ, CA, CH, CR, CU, CZ, DE, DK, DM, 
DZ, EE, ES, FI, GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, 
JP, KE, KG, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MA, 
MD, MG, MK, MN, MW, MX, MZ, NO, NZ, PL, PT, RO, RU 
SD, SE, SG, SI, SK, SL, TJ, TM, TR, TT, TZ, UA, UG, US, UZ, 
VN,YU,ZA,ZW 

(84) Designees (Regions): ARIPO patents (GH, GM, K£, LS, 
MW, MZ, SD, SL, SZ, TZ, UG, ZW), Eurasian patents (AM, 
AZ, BY, KG, KZ, MD, RU, TJ, TM), European patents (AT, BE 
CH, CY, DE, DK, ES, FI, FR, GB, FR, IE, IT, LU, MC, NL, PT, 
SE), OAPI patents (BF, BJ, CF, CG, CI, CM, GA, GN, GW, ML, 
MR, NE, SN, TD, TG) 

This international publication: 

— includes the international examination report. 

For the number or other mark used, please refer to the 
"Explanation of Number and Representative Mark" listed in the 
PCT periodical publication. 



(54) Name of Invention: FLUID BED CATALYST FOR AMMOXIDATION OF 
PROPYLENE TO ACRYLONITRILE 

(57) Abstract: The present invention relates to a fluid bed catalyst for ammoxidation of 
propylene to acrylonitrile, the fluid bed catalyst comprises silicon dioxide carrier and a 
composite which has an atom ratio formula as follows: 

A a B b C c Ge d Nae Fe f Bi g Mo h O x 

In the formula, A is at least one element selected from Li, K Rb, Cs, Sm, In, or Tl; 

B is at least two elements selected from P, Sb, Cr, W, Pr, Ce, As, B, Te, Ga, Al, 
Nb, Tb, La, or V; 

C is selected from Ni, Co, Sr, Mn, Mg, Ca, Zn, Cd, or Cu or mixtures thereof; 
a is in the range of 0.01 ~ 1.5; 



b is in the range of 0.01 



-3.0; 



c is in the range of 0.1 ~ 12.0, preferably 2-10; 
d is in the range of 0.0 ~ 2.0, preferably 0.01-1 .0; 
e is in the range of 0.01 - 0.7, preferably 0.05 - 0.5; 
/is in the range of 0.1 - 8, preferably 1.0 - 3.0; 
g is in the range of 0.01 - 6, preferably 0. 1 - 2.0; 
h is in the range of 12 - 14.5; 

x is the total number of oxygen atoms required to balance the valence state of the 
other elements present in the said composite. 

The content of silica support is in the range of 30 - 70 wt. % on the basis of the 
total weight of the said catalyst. 

The catalyst described above can be adapted to operations at higher reaction 
pressure and higher loads, and at the same time it can maintain high single pass 
yields of acrylonitrile. The abovementioned catalyst can be adapted to operations 
at higher reaction pressure and higher loads, and at the same time it can maintain 
high single pass yields of acrylonitrile. (Note: This sentence is repeated in the 
Chinese text.) 



Fluid Bed Catalyst For Ammoxidation of Propylene to Acrvlonitrile 



Technical Realm 



This invention relates to a fluid bed catalyst used for ammoxidation of propylene 
to acrylonitrile. More specifically, this invention relates to a fluid bed catalyst used for 
propylene ammoxidation to acrylonitrile. 

Technical Background 

Acrylonitrile is an important organic chemical raw material in the chemical realm, 
and it is widely used in industry. Propylene ammoxidation is the principal method 
currently used in industry to prepare acrylonitrile. In this process of propylene 
ammoxidation to prepare acrylonitrile, selection of the catalyst has a decisive effect on 
such parameters as the propylene transformation rate, the selectivity of the acrylonitrile, 
and the yield rate and reaction conditions. Currently, the fluid bed catalyst is the most 
commonly used. Long-term, continuous exploration and research have been done to 
obtain a fluid bed catalyst with high activity and high selectivity and a series of advances 
have been made in the functioning of this type of fluid bed catalyst. For the most part, 
these advances involve the activity portion of the catalyst and pay particular attention to 
the proportion of the catalyst's activity component. The activity and selectivity of the 
catalyst is raised, thereby reaching the goal of raising the acrylonitrile single pass yield 
and manufacturing load. 

The propylene ammoxidation method of producing acrylonitrile already has more 
than 30 years of development history. A balance is gradually being reached between the 
manufacturing capacity of a factory and market needs. For this reason, the principal 
direction of development of acrylonitrile production is currently already switching from 
investment in and construction of new factories to technological refurbishment of 
existing factories. Every effort is being made to further decrease use of raw materials and 
increase manufacturing capacity. By means of refurbishing existing factories, changing to 
high efficiency catalysts, and eliminating the bottlenecks in manufacturing technology, 
the manufacturing capability for acrylonitrile can be increased by 50 - 80%, and the 
investment needed for this is only 20 - 30% of the investment needed to build and outfit a 
new facility. The economic benefits are extremely obvious. 

However, in the process of technological refurbishment of old factories for 
acrylonitrile industrial facilities, the following two problems can often occur: (1) The 
reaction pressure in the fluid bed reactor can rise; (2) The catalyst's carry load capacity is 
limited. For these reasons, it is necessary that the catalyst used in exchange possess a 
higher propylene load and that it is able to bear higher reaction pressure. The reaction 
pressure of the fluid bed reactor is determined between by a series of heat exchangers 
between the reactor's outlet and the top of the absorption tower, and a drop in the tower 
and piping resistance. Because an increase in manufacturing capability clearly increases 
the quantity of matter in the reactor outlet, the resistance mentioned above is clearly 
further decreased. In addition, the heat transfer surface area of each of the heat 



exchangers is not sufficient and increased heat exchange equipment is needed, causing 
more of a resistance decrease. Due to the requirements for environmental protection, the 
waste gas at the peak of the absorption tower is not allowed to be directly discharged into 
the atmosphere. Rather, it needs to be burned in a waste gas combustion furnace. In this 
instance, if an induced draft fan is not used, then the pressure at the top of the absorption 
tower must be increased. For the abovementioned reasons, the current operating pressure 
of reactors must be increased 0.5 - 1 .0 times over the design value, i.e., it must be 0.08 
MPa or higher. 

The two problems mentioned above are catalyst load, i.e. WWH, and it is defined 
as the number of tons of propylene that can be processed per ton of catalyst per hour. 
Because the reactors increase in feed quantity, if the catalyst's load does not change, then 
the catalyst's fluidization height can potentially exceed the height of the cooling water 
pipe. In addition, because the reactor's increased feed quantity, the operating line speed 
may also have a marked increase. The overall impact of these two changes can 
potentially cause the temperature of the reactor's dilute phase to rise, resulting in an 
increase in the quantity of carbon dioxide produced and a decrease in the acrylonitrile 
selectivity. For this reason, the catalyst's higher WWH can prevent these problems from 
coming up. 

From a theoretical point of view, raising the WWH of the catalyst should increase 
the catalyst's adsorbability, but the theory of the relationship that exists between certain 
elements in the catalyst and increased propylene adsorbability cannot yet be explained at 
present. 

In the current technology, many technical programs have been proposed to solve 
the abovementioned problems. For example, one technical program was revealed in 
Chinese patent application CN1021638C. It used a catalyst with the following 
composition: 

A a B b C c Ni d Coc Na f Fe g Bi h Mj Moj O x 

Within this formula, A is potassium, rubidium, cesium, samarium, thallium; B is 
manganese, magnesium, strontium, calcium, barium, lanthanum, rare-earth elements; C is 
phosphorus, arsenic, boron, antimony, chromium; M is tungsten, vanadium. 

The catalyst described above can attain a higher acrylonitrile single pass yield rate, 
but the catalyst's propylene load is somewhat lower, and under higher reaction pressure, 
there is a greater decrease in the acrylonitrile single pass yield. Through this inventor's 
further research, it has been discovered that the operating load of components B and M in 
the catalyst described above as well as the functioning of the catalyst under high pressure 
are impacted. Even though certain elements in component B play a role in raising the 
acrylonitrile single pass yield, they can also have a negative effect on raising the catalyst 
load and the functioning under high reaction pressure which in turn is disadvantageous to 
the catalyst's adaptation to operations under conditions of higher pressure and higher load. 
In addition, it is stipulated in Chinese patent application CN1021638C described above 



that the sum of j and j in the catalyst's composition be 12. Even though this is a constant, 
the catalyst selected for this invention is not restricted by this stipulation. This is'due to 
the fact that, according to this stipulation, when the M component increases, the 
molybdenum component decreases, and this affects the acrylonitrile single pass yield. 

Publication of Invention 

The objective of this invention is to overcome the current technical problems of 
the inability of the fluid bed catalyst for ammoxidation of propylene to acrylonitrile to 
adapt to propylene ammoxidation under conditions of higher reaction pressure and higher 
load. This invention provides a new fluid bed catalyst for ammoxidation of propylene. 
The catalyst described can adapt to operations under conditions of higher reaction 
pressure and higher load. Moreover, it can maintain a high acrylonitrile single pass yield 
rate. 

The following technical programs were used to bring about the objectives of this 
invention: A new fluid bed catalyst is used in the ammoxidation of propylene to 
acrylonitrile process. This catalyst consists of silicon dioxide carriers and a chemical 
formula as follows: 

A a B b C c Ge d Na*. Fe f Bi g Mo h O x 

In the formula, A is at least one element selected from Li, K Rb, Cs, Sm, In, or Tl; 

B is at least two elements selected from P, Sb, Cr, W, Pr, Ce, As, B, Te, Ga, Al, 
Nb, Tb, La, or V; 

C is selected from Ni, Co, Sr, Mn, Mg, Ca, Zn, Cd, or Cu or mixtures thereof; 

a is in the range of 0.01 - 1 .5; 

b is in the range of 0.01 - 3.0; 

c is in the range of 0. 1 - 12.0, preferably 2-10; 

d is in the range of 0.0 - 2.0, preferably 0.01-1.0; 

e is in the range of 0.01 ~ 0.7, preferably 0.05 ~ 0.5; 

/is in the range of 0. 1 - 8, preferably 1 .0 ~ 3.0; 

g is in the range of 0.01 - 6, preferably 0. 1 - 2.0; 

h is in the range of 12 ~ 14.5; 



x is the total number of oxygen atoms required to balance the valence state of the 
other elements present in the said composite. 

The content of silica support is in the range of 30 ~ 70 wt. % on the basis of the 
total weight of the said catalyst. 

In implementation of the optimal situation of this invention's catalytic 
components, Mg or a mixture of Mg and other metals at the very least is selected for 
component C. In implementation of another optimal situation of this invention's catalytic 
components, [end of text] 
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(54) Title: FLUID BED CATALYST FOR AMMOXID ATI ON OF PROPYLENE TO ACRYLONITRILE 

(54) mT&Mm.&{£®&mftmttm{tmmK.M 



= < 57 ) Abstract: Hie present invention relates to a novel fluid bed catalyst for ammoxidation of propylene to acrylonitrile the 

== ^ catalyst comprises silica support and a composite which has a formula in its atom ratio as follows- 

^= A^bCcGCdNa^etBi^ObO, where A is at least an element selected from Li, K, Rb, Cs, Sm, In or Tl; B is at least two elements 

|H selected from P, So, Cr, W, Pr, Ce. As. B, Te, Ga, Al. Nb, Tb, La or V; C is selected from Ni, Co, Sr, Mn. Mg. Ca. Zn, Cd or Cu 

= <* mixtures thereof; a is in the range of 0.01-1.5; b is in the range of 0.01-3.0; c is in the range of 0.1-12.0; preferably 2-10- d is 

SS m the range of 0.01-2.0; preferably 0.01-1.0; e is in the range of 0.01-O.7; preferably 0.05-0.5; f is in the range of 0 1-8- 

|H preferably 1.0-3.0; g is in the range of 0.01-6; preferably 0.1-2.0; h is in the range of 12-14.5; x is total number of oxygen atoms' 

^ required to balance the valence state of the other elements present in the said composite. The content of silica support is in the 

HH range of 30-70 wt.% on the basis of the total weight of the said catalyst The said catalyst may be operated at higher reaction 

— pressure and higher space velocities (WWH), at the same time it can maintain high single pass yields of acrylonitrile. 
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(57) «S 

A a B b C c Ge d Na e Fe f Bi g Mo b O x 

t A i£ £l Li . K . Rb . Cs . Sm . In . ^ Tl + 6$ .£ ^ — # . 
B i& ij P . Sb . Cr , W . Pr . Ce . As . B > Te . Ga , Al . Nb . Tb . La 

C & il Ni > Co . Sr . Mn . Mg . Ca . Zn , Cd Cu ; 

a #J%Hkfc®% 0.01-1.5; 

b6$3JMi&@;$ 0.01-3.0; 

c 0.1 -12.0; #i£;$2-10 ; 

d #JM£&S;$ 0.01-2.0; 0.01 - 1 .0; 

e S 0.01-0.7; 0.05 - 0.5; 

f $)$LiM.f&®% 0.1 -8; 1.0-3.0; 

g ¥}*P-iM.&®%) 0.01 -6; 0.1 -2.0; 

h tf)*(L<L&m% 12-14.5; 

& + &&M&4t-&4l&M>±i*1[ttfr)bit% 30-70X . 



WO 01/1 4057 



PCT/CNOO/00167 



WO 01/14057 



PCT/CNO0/O0167 



50-80%. ft ftjbfirt $T3£$.$.iSi&48:ftV} 20-30%. ii 

* J J-Jii£sft#«H. aiir£&S#&#i&;!;«;*it#<fc4MI.* 0.5-1.0 
-fg-, *pi£.J'J 0.08MPa mi. 
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H*#Jt-* CN1021638C +^*7-#&**£, *M7Mm 
A aB b C c Ni d Co e Na f Fe g Bi h M i Mo J O x 

±%&tem^ *,ttm3iii&$, isLftn® % j?, % ft # 

•MfM , iz*H-iMto ft mif&ip&f £ A A 

* + H**lt-*CN1021688C+_t**: i * j 
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A a B b C c Ge d Na e Fe r Bi g Mo h O x 

£. + A i£ |J Li > K . Rb , Cs > Sm > In , Tl + ^ jjr —iff 

B i£H P. Sb. Cr. W. Pr. Ce > As, B. Te . Ga , Al , Nb . Tb . La 

C it tl Ni . Co. Sr. Mn. Mg. Ca . Zn , Cd Cu ; 

a 6^<&&S;$ 0.01 -1.5; 

b tf)fyfe&m% 0.01-3.0; 

c <#3*-<£&S;$ 0.1-12.0; 4fci£;$2-10; 

d #7 Jf*.*£&@;$ 0.01-2.0; 4£a£;$ 0.01-1. 0; 

e ¥}?iL&&mX} 0.01-0.7; 0.05-0.5; 

f 0.1-8; 1.0-3.0; 

g fftmk&mft 0.01-6; VLi&MjO. 1-2.0; 

h £ffl# 12-14.5; 

x # S§ &4jL it M t %-7L-%4L&ift#i % #1 M * & & ; 

& + &fcMftfr-&JL&¥)±U-£%-Sfr } ;titM) 30-70X . 

&&&Wib&VC.ni8i&toVLi&%&W* , 8LfrC$.>y&H Mg^Mg 
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b s.<y®H&m Pr W A^W<t 
MUL&fytijX— ^4tit***|t . M^B Sb ^. Sb i**^* 

i&fr C £<y& & Sr i£ Sr ^&-g£&<K>>7l-£^; £*£a;i# 

t1tifc*l*a^^^— >h«it*^*|t. £L3>B RQltf&flj Cr La i^&J? 

ftflUfcfcl £ * <K> #<|±#>i£#<& . JsJ frf-k^ 7 flEft « -f- 
«f*A. ig&7 Mo-Bi frM-i-ttlLBt*** 

jl*Alft«*#te*|, *#^*4&ftffl*tt#ft*<fc«**^A**«.'«ift 

W *4fc #J t #J # £ £ * fc. jfcfa M tf, q £ ft £ # 
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St CN1005248C 3T&*Mt . * + *T##<ft.9W * 

«^M4./ t r^ib#&^^f.i^^^*iig:^t , Si0 2 /Na 2 0 
4fr^k>Ei^ 150-550; 200-400. 

#i&#-r/g =.|Ufc-#> *#*T£/£ 
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##3UM&6$&ft. <a**ft^^it^fll«ik. 

200-300r. H*fi)# 0.5-2 *B*. 
500-800'C , 500-700 t ; &&*f JB)*, 20 ^#*J 2 . 

*. 

«AM*i6g^AJ»^*^*Aii 0.8-1.5 
1.0-1.3. 8-10.5. *** 9.0-9.8. 

^***#Ji^B*«tt*$^rt;Bt. T****] 11, xtH&Ztt 
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flLK M ffl-f" ULitJ^A 420-470 'C . 

# 425-450. *£"H#te*l*-#x$*l^*&, &l&4t 
M. mtt&^Lj* + **T£. 0.08MPa >XjL.#J:4*,0.08-0.15MPa. 

0.08MPa 4L*<&%tetf**m*h . ^#J!f # 

^£ B ;H£<ft.iW#^*fr <&#(WWH)# 0.06-0.15 'Mif 1 . 0.07- 

0.10 <bH->. ftfii±fa*tL7k$$LfcM. 4L4?it-&4t*&£&£*ffr, 
^ , M M J*3 & + T&£r&& &P/r t *) t&fc . 

• tT*4fc*|*Mfc* 400 - 550g. 430-440'C, 
0.14MPa, &#fc*b (#<tO £^ = 1:1.2:9.5-9.8, # 

##(WWH);K> 0.085-0.090 *J- B=f— 1 . 

(x)= ~~#iWWWW¥Wi xioos 

(«)= *fifi&i5*#fc* XIOO^ 
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(«)= thWWftWFE — xioo* 

WtM + -%.lt*k#j±Uir-§r-SfrtbiiM] 40-60%. 
l] 

Mo 12 Bi 10 Fe 2 . 0 Co 2 . 5 Ni 5 5 K 0-1 Cs 0 . os Cr 0 . s Pr 0 . 3 Ge 0 . 05 Na 0 . 29 O x WftM 
# 1.8 &*Sifc4&, 4.64 ^fifctt*' 1.87 ;fc*30 £, 

Atft«*«. #^#(A) ; * 9.34 *S.«.4fc**-f 8.4 4M**t 
(B) ; # 395.2 &4b«M*S&.^ 325 £ 50-90^ .#4MKO ; # 90.45 

135.6 ^M«fe4ir, 14.7 jt^Sfc^. 0.97 &$Ufc4$ . 298.38 
150.8 ;fe*70&, #^#(D). 

##*KA)J| 1250 40X«d4^M%^-. £«#Tj&«» 

^&#(B)*»(C)MD). &*H£##&*|-, 

f*» + Afi*t**i, 89 **. Jk&M, 1700 £*( 0 

89xi700 eior&fc i +H*AMi4L4LM&*. 

% S0XMo I2 Bi 1>0 Fe 2 . 0 Co 2 . s Ni 6 . s Kq , Cs 0 . os Cr 0 . s Pr 0 . 3 Ge 0 . 05 Na 0 . 29 O x +50%Si0 2 . 
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0 38 t^stft^g 

440 r 
tiLik&j] 0.14MPa 
#4fc5Ni|ti*#550g 
0*fc#J^*$ft#(WWH)O.O9O 'hat-> 

4% )C 3 =/NH3/S *t = 1/1 .2/9.8 
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10] 

Bi 0 .7sMo 12 . 5 O x #4{Hfc.9M 

* 2.1 ^fifc^* 1 1.91 &*86H?;il^. *a^K 30 

ia&g&m. ##*KA) ; # 8.37 i^-H-fc^*^ 9 + • *Mfr*KB) ; 
# 421.3 £J(Jfi£#i&-f- 350 & 60-90 *C . #*tt(C) ; # 87.2 

&J*ift4** 292 jL*K#L4k* 50.4 jt^g£*ji. 102 MfiMJU 1.27 
4$*> 168 jtflH&4fc»£*. io^C 120 Ao^>&^^^^##(D) ; #Jf*. 
4.01 jU£#&*KE) . 

#*5#|-(A)J? 1285 40% &J «#T#.* 

*»^#(B), (C). (D)#p(E), *.^«#«#ait#. 4£#&#*]&<K>£ 
#£^g>fi£3f t&m&^SMlt!. &JS&fy&Mj 89 1700 
89X1700 ^^)^^^^ + ^ 605t:^1.5 *B**|#ttfl* 

50 % Ko.|Na 0 . 28 Cs 0 . OJ P 0 02S Ni s 6 Cr 0 ^Ce, jsMg, 2 Ge 0 osFej 0 Bi 0 7S Mo I2 sO, +50%Si0 2 . 

[^^J 11-17] >5. [*t&#]5-8] 

1 ^^aisj^^r^tl^^^TT^t * IS) 

: 

0 38 ^^.^.^^.^^H 
JL&l&Jt 430 "C 

0.14MPa 
-^-ft5f«J^4 400g 
$L-fc#].5#ft#(WWH)0.085 <h*j--» 

& *t ( # 4*0 C3VNH3/ £ \ = 1/1 . 2/9 . 5 . 
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18] 

-£%i#.fcMtB.&to Mo.^i, .oFe^oW.oPro^Nao^Nie .oMn 2 . 0 Ga 01 Cr 0 . 7S Ge 0 . 5 

ft 0.72 iL*Mttik*4.S 2.43 jtJJHfc4T3fc-&-. ^^C30 

4Mfr*KA); # 18.67 &-=&^#.>&-f- 8.4 
£|-(B) ; # 19.4 100 ^^h$±*.>t^ 5% <K>&,t|C* 395.2 

fcfcSMfcJg:^ 325 & 50-90°C&t|C* . #*&]&%-fr49-4fe*KC) ; # 90.4 
&*8&*>K 4.94 &#U&*S> 3.29 65.87 2.45 £ 

^^#. 434 150.8 &tfflfc*S&*. *»tK70^, 4o»j£&#. 

#W(D) . 

^*b*KA)^ 1250 40% #*£ig:j&>&^, £:ft#T 

iwX*b#(B)^(C)^(D), &^#lM#£*t-, 

ifWBt^i&ttt- fcj£&i*3te;$ 89 1700 
0 89X1700 + "f- 630'C*#& 1 'J-B**IA^flL4fc 

*J M A # 50 % Mo 12 Bi 1 . 0 Fe 2 0 W,. 0 Pr n . 7S Na 0 . s Ni 8 „Mn 2 . 0 Ga o .,Cr o . 7S Ge 0 . 5 K 0 . 1 Cs o . O5 Tl 0 . IS 0 1 
+50XSi0 2 . 

l$#LW 19-26] & 9-12] 

4 : 

0 38 %^tiL4Lfc&jkn 
440t: 
0.14MPa 
550g 

7^^^J^^^#(WWH)0.090 *Bt"» 

4? )C 3 VNH 3 /S *L = 1/1 .2/9.8 . 
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&3 





40L<fb#jitruS. 




18 


Mo 12 Bi, .oFe 2 0 W, 0 Pr 0 . 7S Na 0 . 3 Ni 6 0 Mn 2 0 Ga 0 .,Cr 0 7S Ge 0 . 


81.9 


%&&\ 
19 


Mo 12 Bi , . 0 Fe 2 0 W 0 . 45 Pr 0 . os Na 0 . 3 Ni 8 0 Cr , .oNVA*. 13 Cs 00 

A 


80.3 


20 


Mo I2 Bi 10 Fe 2 . 0 W 0 45 Pr 0 ,Na 0 . 3 Ni 8 0 Cr 0 5 Ga 0 . s K 0 . 05 Cs 0 05 


81.4 


21 


Mo 12 Bi, 0 Fe 2 . 0 W 0 7S Pr 0 2 Na 0 3 Ni 8 0 Ge 0 05 Al 0 . 5 Cs 015 Tl 0 
.osO x 


80.0 


22 


Mo 12 Bi, 0 Fe 2 0 W 0 7S Pr 0 jsNao.aNis 0 Mn 2 ^ ^Nb^^r,. 

0 K 0.08 Cs 0.120x 


79.9 


23 


Mo l2 Bi,. 0 Fe 2 . 0 W 0 . 75 Pr 0 . 15 Na 0 . 3 Ni 8 0 Cr o s Ge 0 08 K oas Rb 0 . 

08 T1 0.12°x 


80.7 


24 


Mo 12 Bi 1 . 0 Fe 2 . 0 W 0 . 4S Pr 0 . 2 Na 0 . 3 Ni 8 . 0 Nb 0 . 1 Cr 0 . 8 Ge 0 . 2 Rb 00 
s^ s o.isTlo.os^x 


79.5 


25 


Mo 12 Bi 10 Fe 2 . 0 W 0 . 4S Pr 0 . 5 Na 0 3 Ni 6 0 Ca 2 0 Cr 0 5 Ge 0 5 K 0 08 
Cs 0 . os Tl ols O ¥ 


82.0 


26 


Mo 12 Bi, ^ 0 W 0 ,Pr 0 ,Na 0 3 Ni 6 0 Ca 2 0 Cr 0 8 Ga 0 ,K 0 ,Rb 

0.0S CS 0.03°x 


80.5 


*b##J 
9 


Mo l2 Bi 0 ^e,. 8 Ni 2 0 Co 5 oNao ^Mno .sCr,, 4S K 0 I7 Cs 0 05 O x 


76.8 


>b&#J 

1 0 


Mo 12 Bi 0-9 Fe K8 Ni 20 Co s>0 Na 0> ,5^^0^0.2,0, 


76.2 


tb&#| 
11 


Mo, 2 Bio. 9 Fe,. 8 Ni 2 . 4 Co 4 . 3 Nao., s Wo. 4S Cr 0 . 45 Ko., 5 Cs 0 .o 7 O x 


77.1 


12 


Mo 12 Bi 0 . 9 Fe, 8 Ni 5 0 Mg 2 oNa 0 ., 5 Wo. 45 Cro. 45 Cs 0 ogO, 


77.4 
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Ig&ifil 27] 

&%&4tMia.&%] Mo 12 Bi 1 . 4 Fe 2 . 0 Sb 0 . 3 Sr 0 .^a 0 . M Ni s . 8 Mg 2 . i Ge o os K 0 . 0 .Cs 0 . 05 (0 

^/flij 1 50% Mo 12 Bi 10 Fe 2 . 0 Sb 0 . 3 Sr 02 

N ao.29Ni s .8Ms 2 . 5 Ge 0 . 05 K 0 08 Cs 0 . 05 O x +50%Si0 2 tf)$Ltt,M , # W 0TMft#)<tiLfcM 

&, 80.7%. 81. 5%. 

Yfc^ 99.0£ . I 

28] 

&%$L4tm&&%) Mo l2 5 Bi 0 TS Fe 2 J<g I S Ge 0 . 0S Ce 0 . s Cr 0 . 4S As 0 . 1 Na 0 . 28 Ni s . 6 K 0 . 1 Cs 0 . OT 0 I 

&m%g&W 1 &^temti7T&*\ 50% Mo l2 . s Bi 0 . 7S Fe 2 . 0 Mg IS Ge 0 . os 
Ce o.s C r- 0 .45As 0 .,Na 0 . 28 Ni 5 8 K 01 Cs 0 07 O x +50%SiO 2 , # /?] #J # # $t 

£&, 79.9%. ^*$J3£i£#<i±;$ 81.7 95, 

97.8% . 



29] 

* % « 4fc *J *E * «T Mo 12 . s Bi 0 . 75 Fe 2 . 0 Mg 1 . 2 Cu 0 . s Cr 0 . 4 V 2 . 0 P 0 025 K 0 . I Cs 0 . 07 
Na 0 29 Ge 0 05 O x <KH£4fc3W 

1 IS) #3T>& #J 50% Mo I2 5 Bi 0 . 75 Fe 2 0 Mg, 2 Cu 0 5 Cr 0 4 

V 2.o Po.025 *o.i Cs 0 07 Na 0 29 Ge 0<05 O x +50%SiO 2 #$L-fc#J, # #1 #T #J # # 

80.6%. 81.6%. ft** 

98.6% . 
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30] 

* Hi* tt. M *B. 4- % Mo 13 Bi 10 Fe 2 . 5 Mg 2 . s La 0 . 4S Cr 05S Mn 0 . ls Ni s 0 P OOS 
Cso.osKo.is Nao.2oGeo.os O x 6Wfc5N 

&m%£&M 1 J 5 ]^^**] 50% Mo 13 Bi, 0 Fe 2 5 Mg 2 . 5 La 045 

Cro.ssNK l5 Ni 5 0 P 0-05 Cs^K,,^ Na 0 20 Ge 0 05 0, +50XSi0 2 ¥)4?LfcM . # ft ft 

&l$$Rk&} > gcik^ft^m^ft 80.6% . >*5*£Jifri&#<|±;$ 82.0% . 
98.3% . 



31] 

i^f ftl'J&^i^ Mo I3 Bi,. 0 Fe 2 . s Mg 2 . s La 0 . 4S Cr o . ss Mn e . l8 Ni 2 . s Co 1 . 5 Cs 0 . 0s K 0 . ls 

&tf)^£;&#J 1 ^^BJSJ^^r^^J 50%Mo 13 Bi 10 Fe 25 Mg 25 La 0 . 45 Cr 055 
Mno.jsN^.sCo. sCSo.ojKo ^ Na 0 20 Ge 0 os O x +50%Si0 2 6$4£<fc#J. *J8#fti# 

JfttfjAA, 81.3%. i*7*fc/fti£#<|±;$ 81.9%. 

99.1 % . 

ti-f&'ffr b b t^#^ c t^is-sr^^tii 

&j9L&Bj](0.\4\KPa) . &&&#(WWH 0.090 aHfrT^4*#$fe 
^, J.^^«|-#-a»Jt^jg.^iifJ 7 82.3%#*^-. JMf7&##&^. 
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[£*fc#]30] 

**tffe4li&** Mo, 3 Bi li0 Fe 2 . s Mg 2 . 5 La 0 . 45 Cr 0 . 55 Mn 0 . ls Ni 5 . 0 P oos 
CSo.osKo.,5 Nao.2oGeo.o5 0 x V)tiULM 

£fflJ&£*fc*J 1 &&te®#j7T&*\ 50% Mo 13 Bi 10 Fe 2 . s Mg 2 . s La 0 . <ls 
Cr o.ss Mn o.is Ni s.o p o.os CSo.osKo.is Na 0 20 Ge 0 .o S 0, +50%SiO 2 ##t<ffc#|, #^|^f 

i*)i*m#J&&, &&&7t3*)%;myL*% 80.6% . ^J&i&#'|±;$ 82.0% , 
98.3% . 

[£^#1 31] 

* # « <fc *J l& ^ * Mo I3 Bi, 0 Fe 2 s Mg 2 . s La 0 , s Cr 0 . ss Mn 0 . ls Ni 2 s Co 1 . s Cs 0 . 0s K 0 . IS 

1 &.*.teft¥)Zr&W 50%Mo 13 Bi li oFe 2 . s Mg 2 . s La 0 . 4S Cr 0 . ss 
Mn o.is Ni 2.5 Co i.sCs 0 .osKo.i5 Nao.^Geo os O x +50%SiO 2 ¥)4$.{tM . #ffl^T^J# 

81.3%, ft 81.9%. 

99.1% . 

*t*fe*ft*»^^ia^. &4^>fcia###se., 4jM£«m#7£& 

(0. 14MPa) . &&##(WWH ^ 0.090 'Mtf -1 ) fc#T«$*fc#ii6 
, 3-f£ji$gfr $.&3&&\ J 82.3%#*^-, M- 7 fe-fr e$&3: . 



